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INTRODUCTION: 
Commencing i n  e a r l y  1981, a  j o i n t  development program t o  p i l o t  
demonstrate a s i l a n e  based p o l y s i l i c o n  process was cons t ruc ted  a t  
Eagle-Picher  Labo ra to r i es  i n  Miami, Oklahoma. The p i l o t  p l a n t  i n c l u d e d  
techno log ies  c o n t r i b u t e d  by A1 1 i e d  Corpora t ion  o f  Morr is town,  New Jersey, 
Eagle-Picher  I n d u s t r i e s  o f  Miami, Oklahoma, and G. A. Technologies,  I nc .  o f  
San Diego, C a l i f o r n i a .  The descr ibed  process as p i l o t e d  i n c l u d e d  t h e  
syn thes is  o f  crude s i l a n e  gas, u l t r a  p u r i f i c a t i o n  o f  t h e  gas, and then  
d i r e c t  p y r o l y s i s  t o  p roduc t  s i l i c o n .  Features o f  t h e  process p rov ided  f o r  
d i r e c t  cont inuous ope ra t i on  f rom process feed t o  f i n a l  product ,  w i t h o u t  t h e  
requi rement  t o  s t o r e  i n te rmed ia tes  o r  ever  conver t  t h e  s i l a n e  t o  a  1  i q u i d  
phase. Semiconductor q u a l i t y  p roduc t  as analyzed i n t e r n a l l y ,  and conf i rmed 
by independent l a b o r a t o r i e s ,  was demonstrated by t h e  f i r s t  i n t e g r a t e d  
ope ra t i on  o f  t h e  p l a n t .  
The p r o j e c t  o r g a n i z a t i o n a l  r e s p o n s i b i l i t i e s  were as shown i n  F igu re  1. 
The p i l o t  p l a n t  descr ibed  by t h i s  paper was cons t ruc ted  by t h e  eng inee r i ng  
and t e c h n i c a l  s t a f f  o f  t h e  p a r t i c i p a t i n g  companies i n  res idence a t  t h e  
Miami, Oklahoma s i t e .  The r e s u l t s  o f  t h e  f i r s t  i n t e g r a t e d  ope ra t i on  o f  t h e  
p l a n t  as eva lua ted  by Monsanto, a r e  as shown i n  F igu re  2. 
The process development, a l though cons idered by a l l  p a r t i c i p a n t s  t o  be 
t e c h n i c a l l y  and f i n a n c i a l l y  ve ry  successfu l  was abandoned i n  l a t e  1982 f o r  
business reasons u n r e l a t e d  t o  t h i s  p r o j e c t .  
ALL1 ED PROCESS : 
980 A l l i e d  was cons ide r i ng  making fumed s i l i c a  f rom by-prod- 
u c t  f l u o s i l i c i a  a c i d  on a l a r g e  sca le .  F l u o s i l i c i c  a c i d  i s  formed i n  a  phos- 
pho r i c  a c i d  p l a n t  when t h e  s i l i c o n  t e t r a f l u o r i d e  f rom t h e  main rock  d i g e s t e r  
i s  scrubbed. Large q u a n t i t i e s  o f  f l u o s i l i c i c  a c i d  a r e  a v a i l a b l e  and much 
more cou ld  be made a v a i l a b l e  i f  a market ex i s ted .  Phosphate rock  con ta ins  
about 3.5% f l u o r i n e  and about  30 - 50% o f  t h a t  f l u o r i n e  can be recovered as 
f l u o s i l i c i c  ac id .  
The s i l i c o n  t e t r a f l u o r i d e  i s  produced from f l u o s i l i c i c  a c i d  by r e a c t i o n  
w i t h  s t r ong  s u l f u r i c  ac i d ,  which a c t s  as a dehydra t ing  agent.  
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The k y d r o f l u o r i c  a c i d  can be f u r t h e r  reac ted  by t h e  a d d i t i o n  o f  s i l i c o n  
d i o x i d e  4HF + S i02  SiF4 + 2H20 
A l l i e d  looked a t  p o s s i b l e  r ou tes  t o  p h o t o v o l t a i c  s i l i c o n  and dec ided t o  
pursue two paths. The f i r s t  was t h e  use o f  h i g h  temperature plasma t o  r e a c t  
t o  t he  s i l i c o n  t e t r a f l u o r i d e  w i t h  hydrogen. 
T h i s  r o u t e  was cons idered t h e  most d e s i r a b l e  s i nce  A l l i e d  i s  t h e  
l a r g e s t  merchant producer o f  h y d r o f l u o r i c  a c i d  i n  t h e  U.S. No by-product  
would be produced. 
A c o n t r a c t  was l e t  w i t h  Columbia U n i v e r s i t y ,  who had an o p e r a t i n g  
thermal plasma, t o  develop f e a s i b i l i t y .  The plasma process cou ld  n o t  g e t  
g rea te r  than 5% y i e l d s  o f  s i l i c o n ,  as i t  was n o t  p o s s i b l e  t o  quench t h e  
r e a c t o r  products  be fo re  most o f  t h e  f i n e  s i l i c o n  recombined w i t h  t he  HF. 
Concurrent ly ,  t h e  r e a c t i o n  o f  sodium hyd r i de  w i t h  s i l i c o n  t e t r a f l u o r i d e  
was i n v e s t i g a t e d  a t  A l l i e d ' s  Morr is town,  New Jersey l a b o r a t o r i e s .  
A process was d iscovered  t h a t  gave h igh  y i e l d s  o f  s i l a n e  a t  moderate 
cond i t i ons .  The s i l a n e  was 07 h i g h  p u r i t y ,  as c o u l d  b e s t  be determined by 
s tandard a n a l y t i c a l  procedures. 
Th i s  process i s  covered by U.S. Pa ten t  No. 4,374,111 dated February 15, 
1983. 
Wi th  s i l ane ,  i t  was apparent t h a t  p u r i f i c a t i o n  cou ld  be e f f e c t e d  by 
many methods and a l i t e r a t u r e  search revealed t h a t  cons iderab le  work had 
been done. A l l i e d  decided t h a t  t h e  immediate f u t u r e  o f  s i l i c o n  l a y  i n  semi- 
conductor grade, a l though i t  would be d e s i r a b l e  t o  have a process t h a t  cou ld  
produce s i l i c o n  cheap enough t o  compete i n  t he  p h o t o v o l t a i c  market. A l l i e d  
made p lans  t o  pursue t h e  necessary research t o  p u r i f y  s i l a n e ,  produced f rom 
S iF  , and t he  subsequent decomposit ion o f  t h e  p u r i f i e d  s i l a n e  i n t o  semicon- 
duc to r  grade s i 1 icon.  
A t  about t h i s  t ime,  A l l i e d  was approached by Eagle-Picher  t o  i n v e s t i -  
gate t h e  poss i  b i  1 i t y  o f  a j o i n t  venture t o  produce semiconductor s i l  i con .  
Eagle-Picher had a process t o  p u r i f y  s i l a n e  and had a l s o  contacted General 
Atomic, who were i n  p o s i t i o n  t o  develop a process f o r  t h e  decomposit ion o f  
t h e  p u r i f i e d  s i l a n e .  
I n  a s u r p r i s i n g l y  s h o r t  p e r i o d  o f  t ime, t h e  t h ree -pa r t y  ven tu re  was 
approved and an agreement reached on a j o i n t  p i l o t  p l a n t  t o  produce 1 kg. 
pe r  hour o f  semiconductor s i l i c o n .  The p i l o t  was b u i l t  a t  Eagle-Pichers '  
Miami, Oklahoma f a c i l i t y .  A l l i e d ' s  f a c i l i t y  i nc l uded  two u n i t s .  Phots- 
graphs o f  t he  u n i t s  a r e  i n  F igu re  3 and 4. 
The f i r s t  u n i t  produced s i l i c o n  t e t r a f l u o r i d e  f rom purchased f l u o s i l i -  
c i c  ac i d .  F igure  5 shows how t h i s  was accomplished. 
F ine  sand was added t o  t h e  f l u o s i l i c i c  a c i d  which was then  sen t  t o  a  
s i l i c o n  t e t r a f l u o r i d e  r e a c t o r .  The s u l f u r i c  a c i d  was f e d  t o  t h e  t o p  o f  t h e  
r e a c t o r  and p roduc t  S i F  was compressed t o  300 p s i g  f o r  s torage.  The ou t -  
go ing waste s u l f u r i c  ac4d was p r a c t i c a l l y  f r e e  o f  f l u o r i d e s  and was sen t  t o  
waste d isposa l .  
Y ie l ds  were a lmost  s t o i c h i o m e t r i c  and t h e  p u r i t y  l e v e l  o f  t h e  S i F  was 
very  h igh.  Capac i ty  o f  t h e  smal l  u n i t  t h a t  was b u i l t  exceeded des ian by 
more than 200%. 
I n  a  commercial p l a n t  t h e  f l u o s i l i c i c  a c i d  would come f rom an ad jacen t  
p l a n t  o r  tank  c a r  and t h e  s u l f u r i c  a c i d  would be re tu rned  t o  t h e  f l u o s i l i c i c  
a c i d  producer  o r  o t h e r  user .  
I n  F igure  6, t h e  proposed commercial s i l a n e  ope ra t i on  i s  shown. Hydro- 
gen re tu rned  f rom t h e  s i l a n e  decomposer p l u s  make up hydrogen i s  r eac ted  
w i t h  sodium t o  fo rm sodium hydr ide .  T h i s  r e a c t i o n  i s  done i n  m inera l  o i l .  
The sodium hyd r i de  s l u r r y  i n  m inera l  o i l  i s  f e d  t o  t h e  s i l a n e  r e a c t o r  
where i t  reac t s  w i t h  s i l i c o n  t e t r a f l u o r i d e  t o  form s i l a n e  gas. The s o l v e n t  
used i s  a  commerc ia l ly  a v a i l a b l e  h i g h  b o i l i n g  m a t e r i a l ,  l i k e  d iphenyl  e ther .  
The r e a c t o r  runs a t  about 250," C and s l i g h t l y  above atmospheric pressure.  
Y ie l ds  on sodium hydr ide  and s i l i c o n  t e t r a f l u o r i d e  were demonstrated t o  be 
g r e a t e r  than  90% i n  t h e  p i l o t  p l a n t .  It i s  b e l i e v e d  t h a t  w i t h  o p t i m i z a t i o n  
t h i s  cou ld  be r a i s e d  somewhat. 
The s i l a n e  produced was o f  good q u a l i t y ,  w i t h  smal l  i m p u r i t y  l e v e l s ,  
Design capac i t y  was exceeded and t h e  r e l i a b i l i t y  o f  t h e  process was demon- 
s t r a t e d .  
PURIFICATION PROCESS: 
loped b.y Eagle-Picher  f o r  s i l a n e  p u r i f i c a t i o n  was mo t i -  
vated by ' the  low c o s t  'photo-vol t a i c  p r o j e c t  be ing  conducted by JPL a t  t h a t  
t ime. A number o f  years  e a r l i e r  Eagle-Picher had looked a t  t h e  f e a s i b i l i t y  
o f  separa t ing  t h e  i so topes  o f  boron by t h e  technique o f  l a r g e  sca le  prepara-  
t i v e  gas chromatography (LSGC), b u t  had abandoned t h e  concept i n  f a v o r  o f  
l i q u i d  exchange. Wi th  t h e  advent o f  t h e  JPL p r o j e c t ,  t he  p rospec t  t h a t  l a r g e  
q u a n t i t i e s  o f  p h o t o v o l t a i c  grade s i l a n e  migh t  be a v a i l a b l e  l e d  t o  t h e  i n -  
v e s t i g a t i o n  o f  t h e  method as a means t o  u l t r a  p u r i f y  t h e  gas t o  t h e  e x t e n t  
o f  semiconductor q u a l i t y .  Fur ther ,  t o  do so very  s a f e l y  and economica l ly ,  
thus es tab l  i s h i n g  ' the  p o s s i b i l i t y  o f  a  competing- process t o  Siemens, which 
had p u t  Eagle-Picher  o u t  o f  t h e  s i l i c o n  business some 25 years  e a r l i e r .  
Gas Chromatography ( G C )  -is w i d e l y  employed as  an a n a l y t i c a l  t o o l  t o  
separate  components o f  a v o l a t i l e  m i x tu re ,  The severa l  components are t hen  
charac"crs'zed, b o t h  qual-s"tal l "ve' ly and q u a n t i t a t i v e l y ,  w i t h  one o f  a wide 
v a r i e t y  o f  de tec to r s .  The h e a r t  o f  such an i ns t r umen t  i s  t h e  chromato- 
g raph i c  column. F i g u r e  7 shows t h e  a c t i o n  o f  such a  column. The column 
c o n s i s t s  o f  a l e n g t h  o f  s t a i n l e s s  s t e e l  p i p e  packed w i t h  p a r t i c l e s  of ve r y  
un i f o rm  s i z e  and composi t ion.  An i n e r t  gas, c a l l e d  t h e  c a r r i e r ,  passes 
th rough  t h e  column. The m i x t u r e  t o  be separated i s  i n t r oduced  as a  smal l  
batch,  o r  i n j e c t i o n ,  i n t o  one end o f  t h e  column. I n  F i gu re  7, t h e  sample i s  
composed o f  t h r e e  components represen ted  by  squares, t r i a n g l e s ,  and c i r c l e s .  
As t h e  m i x t u r e  i s  pushed through t h e  column by t h e  f l o w i n g  c a r r i e r ,  t h e  
va r i ous  components i n t e r a c t  d i f f e r e n t l y  and so p e r c o l a t e  th rough  t h e  column 
a t  d i f f e r i n g  r a t e s .  I f  t h e  ope ra to r  has been c l e v e r  about s e l e c t i o n  o f  t h e  
p a r t i c l e s  w i t h  which t h e  column has been packed and t h e  va lues o f  t h e  
va r i ous  ope ra t i ona l  parameters, t h e  components o f  t h e  m i x t u r e  wi  11 be 
separated by t he  t i m e  t h e y  e x i t ,  o r  e l u t e ,  f rom t h e  end o f  t h e  column. As 
t h e  m i x t u r e  pe rco la tes  th rough  t h e  column, t h e  molecu les become mixed w i t h  
c a r r i e r  gas and t h e  c o n c e n t r a t i o n  o f  t h e  component i n  t h e  c a r r i e r  gas 
assumes a  near-Gaussian d i s t r i b u t i o n .  
F i gu re  8 i s  a  b l o c k  diagram o f  t h e  l a r g e  sca le  GC (LSGC) used f o r  t h e  
p u r i f i c a t i o n  o f  s i l a n e  gas. C a r r i e r  gas i s  s u p p l i e d  t o  t h e  column th rough  
s tandard r e g u l a t o r s  and f lowmeters .  S i l a n e  pu lses  a r e  p e r i o d i c a l l y  adm i t t ed  
i n t o  t h e  column by  a  computer operated va lve .  A t  t h e  end o f  t h e  column i s  a  
h o t  w i r e  d e t e c t o r  which r e g i s t e r s  t h e  passage o f  any gas w i t h  a  thermal  
c o n d u c t i v i t y  d i f f e r e n t  than  t h a t  o f  t h e  hydrogen c a r r i e r  gas. Immediate ly  
f o l l o w i n g  t h e  d e t e c t o r  i s  t h e  gas f l o w  system i s  a  s w i t c h i n g  v a l v e  t h a t  
r ou tes  t h e  GC e f f l u e n t  t o  one o f  severa l  l i n e s .  I n  o u r  s i l a n e  system, t h e r e  
were two such l i n e s :  a  waste l ' i ne  go ing  t o  a  f l a r e  and a  pure  l i n e  go ing  t o  
t h e  s i l a n e  c o l l e c t i o n  system. I n  normal LSGC useage, t h e  components o f  
i n t e r e s t  a r e  separated f rom t h e  c a r r i e r  gas i n  a  condensor a t  t h i s  p o i n t .  
I n  ou r  system, we were i n t e r e s t e d  i n  r e t r i e v i n g  o n l y  a  hydrogen mix  o f  t h e  
s i l a n e ,  so t h e  condensor was e l im ina ted .  C a r r i e r  gas i s  r e c y l e d  th rough  a  
c l e a n i n g  system c o n s i s t i n g  o f  carbon scrubbers,  mo lecu la r  s i eve  t r aps ,  and 
c a t a l y t i c  deoxygenators. The s w i t c h i n g  o f  a l l  va lves  i s  done on a  t imed 
bas is .  A ded ica ted  va l ve  sequencer module i s  used f o r  t h i s  purpose. The 
system employed i n  t h e  e f f o r t  desc r ibed  i n  t h i s  paper was a  commercial u n i t  
h e a v i l y  mod i f i ed  f o r  use w i t h  m i x tu res  o f  s i l a n e  and hydrogen, and shown i n  
F i gu re  9. 
Nea r l y  60 d i f f e r e n t  column pack ing m a t e r i a l s  were t e s t e d  f o r  s i l a n e  
use. A s e t  o f  gas m i x tu res  composed o f  s i l a n e ,  hydrogen, argon, oxygen, 
n i t r o g e n ,  carbon d i o x i d e ,  water ,  d iborane, a r s i ne ,  phosphine, s i l i c o n  t e t r a -  
f l u o r i d e ,  and t he  va r i ous  c h l o r o s i l a n e s  were used f o r  t h i s  t e s t i n g .  (No one 
m i x t u r e  con ta ined  a l l  o f  t h e  va r i ous  samples). The concen t ra t i on  o f  t h e  
sample gases ranged f rom 30 ppm t o  2% i n  e i t h e r  s i l a n e ,  hydrogen, o r  he l ium.  
Best  success was ob ta ined  w i t h  a  porous polymer, Poropak. A  composi te 
chromatogram o f  these  m a t e r i a l s  i s  shown as F igu re  10. Two one meter  sec- 
t i o n s  80 mm i n  d iameter  were packed w i t h  t h i s  m a t e r i a l .  The sepa ra t i on  was 
done a t  e s s e n t i a l l y  room temperature and t y p i c a l  throughputs  o f  1200 grams 
pe r  hour  were ob ta ined  a t  t h e  optimum ope ra t i ona l  parameters, Eagle-Picher  
has a  pa ten t  pending on t h e  system as  descr ibed.  
The p u r i f i e d  sl' lane/hydrogen m i x t u r e  was compressed i n t o  s p e c i a l  l y  
c leaned carbon s t e e l  h o l d i n g  con ta iners ,  A two-stage t r i p l e  s t a i n l e s s  steel 
diaphragm compressor was used f o r  t h i s  compression, and i s  shown i n  F igu re  
11. A surge tank  between t h e  LSGC and t h e  compressor was found necessary. 
The measurement o f  t h e  p u r i t y  o f  t h e  s i l a n e  proved t o  be as d i f f i c u l t  a  
t e c h n i c a l  problem as t he  p u r i f i c a t i o n  i t s e l f .  The s i l a n e  was conver ted  t o  
s i l i c o n  and t h e  r e s u l t i n g  s i l i c o n  was used t o  grow Czochra lsk i  c r y s t a l s  o f  
comparable p u r i t y  t o  those ob ta ined  f rom Siemens m a t e r i a l .  The va r i ous  
i m p u r i t i e s  p resen t  cou ld  be a t t r i b u t e d  t o  e i t h e r  t h e  pure s i l a n e ,  t h e  con- 
v e r s i o n  process, o r  t h e  c r y s t a l  growth. Th i s  leads  t o  a  g r e a t  deal o f  un- 
c e r t a i n t y  t o  t h e  q u a l i t y  o f  t h e  s i l a n e  as p u r i f i e d  by LSGC. The assumption 
appears j u s t i f i e d  t h a t  t he  s i l a n e  i s  equal t o  o r  surpass ing convent iona l  
Siemens p o l y s i l i c o n .  
The s i l a n e  was a l s o  cha rac te r i zed  by a n a l y t i c a l  gas chromatography. 
Work done i n  our  l a b o r a t o r i e s  u t i l i z e d  t h e  h o t  w i r e  d e t e c t o r  and t h e  f lame 
i o n i z a t i o n  de tec to r .  The h o t  w i r e  d e t e c t o r  i s  s e n s i t i v e  down t o  about  10 
ppm, depending on t h e  i d e n t i t y  o f  t he  i m p u r i t y .  No i m p u r i t i e s  were found i n  
t h e  p u r i f i e d  s i l a n e  w i t h  t h i s  de tec to r .  The f lame i o n i z a t i o n  d e t e c t o r  
proved useless f o r  t h e  a n a l y s i s  o f  t h e  s i l a n e ,  even when t h e  s i l a n e  i t s e l f  
was rou ted  around t h e  d e t e c t o r  t o  p reven t  s i l i c o n  ox ide  f o rma t i on  on t h e  
i n t e r n a l s  o f  t he  de tec to r .  I n  a d d i t i o n  t o  t h e  work done i n  ou r  l a b o r a t o r y ,  
samples o f  t he  p u r i f i e d  gas were sent  t o  an o u t s i d e  l a b o r a t o r y  f o r  GC/MS 
ana l ys i s .  Again, no i m p u r i t i e s  were detected,  even when concent ra t ions  were 
used. 
The s i l a n e  was f u r t h e r  cha rac te r i zed  by growing e p i t a x i a l  f i l m s  o f  
s i l i c o n  f rom t h e  gas and subje 'c t ing t h e  f i l m s  t o  spreading r e s i s t a n c e  pro-  
f i l i n g .  The subs t ra tes  used were low boron antimony doped s i l i c o n  wafers .  
The antimony doping was used t o  demark t h e  i n t e r f a c e  between t he  s u b s t r a t e  
and t h e  f i l m .  Antimony was used because i t  was f e l t  t h a t  l e s s  d i f f u s i o n  
i n t o  t h e  growing f i l m  would occur  than w i t h  o t h e r  dopants. Growth o f  f i l m s  
was done i n  ou r  l a b o r a t o r y  and a l s o  con t rac ted  t o  SDI, a  manufacturer  o f  
e l e c t r o n i c  devices. A l l  o f  t h e  f i l m s  were p r o f i l e d  f o r  n e t  c a r r i e r  con- 
c e n t r a t i o n  a t  Solecon Labo ra to r i es  by t h e  spreading res i s tance  technique.  A  
bevel was ground on t h e  f i l m s ,  then t h e  f i l m  was p r o f i l e d  by s tepp ing  t h e  
probe a t  r e g u l a r  i n t e r v a l s  down t h e  bevel .  A  r e s u l t i n g  p r o f i l e  i s  shown as 
F igure  12. Near jy  a l l  o f  t h e  f i l m s  t e s t e d  showed c a r r i e r  concen t ra t i ons  i n  
t h e  range o f  10 , w i t h  about a  50% v a r i a t i o n .  Th i s  was t r u e  f o r  two d i f -  
f e r e n t  feedstock m a t e r i a l s  o f  assumed d i f f e r i n g  s t a r t i n g  i m p u r i t y  composi- 
t i o n .  These p r o f i l e s  i n d i c a t e  t h a t  a l l  f i l m s  a r e  e i t h e r  o f  ve ry  h i gh  p u r i t y  
o r  n e a r l y  p e r f e c t l y  compensated. 
The work descr ibed  i n  t h i s  paper i n d i c a t e s  t h a t  s i l a n e  gas may be p u r i -  
f i e d  by t h e  technique o f  LSGC. The p u r i t y  o f  t h e  s i l a n e  i s  enhanced beyond 
t h e  l i m i t s  o f  commonly used a n a l y t i c a l  t o o l s .  E p i t a x i a l  f i l m s  i n d i c a t e  t he  
gas may be o f  ve ry  h i gh  p u r i t y .  D i r e c t  a n a l y t i c a l  methods need development 
t o  con f i rm  t h i s  i n d i c a t i o n .  
The method for pyrolysis piloted by General Atomic Technologies will 
not be discussed i n  t h i s  paper at their request. 
The economics of producing semiconductor quality silicon by the com- 
bined process is as shown in Figure 13. 
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CAPITAL AND MANUFACTURING COST ESTIMATES 
FOR 
POLYSILICON FACILITY 
BAS I S  
o  Capaci ty  1000 M e t r i c  TPY 
o  Grass r o o t s  f a c i l i t y  
o  Based on SiH4 f rom SiF4 v i a  A l l i e d ' s  process 
o  I nvo l ves  p u r i f i c a t i o n  of S i H 4  and decomposit ion t o  p o l y s i l i c o n  
o  1983 Do1 l a r s  
CAP I TAL 
F ixed  c a p i t a l  i s  es t imated  a t  $40MM which i nc l udes :  
$5MM f o r  t h e  SiF4 f a c i l i t y ;  
$lOMM t o  produce crude S iH4 ,  and 
$10MM f o r  o f f - s i t e s  
O f  t h e  t o t a l  o f  $40MM, 15% i s  e n g i n e e r i n g l p r o j e c t  management and 10% 
i s  cont ingency. 
MANUFACTURING COST 
Raw M a t e r i a l s  
Produc t i ve  Labor & Superv is ion  
Dep rec ia t i on  (10% o f  C a p i t a l  ) 
Maintenance (5% o f  C a p i t a l  ) 
Taxes (1.5% o f  C a p i t a l  ) 
U t i l i t i e s  
P l a n t  A d m i n i s t r a t i o n  
Tes t  & I n s p e c t i o n  
M i  sce l  1  aneous 
TOTAL $19.55/Kg S i  
FIGURE 13 
DISCUSSION 
HSU: What t h r o u g h p u t  was demons t ra t ed  f o r  t h e  l a r g e - s c a l e  gas  ch romatograph ie  
u n i t  f o r  t h e  s i l a n e  p o r t i o n ?  
GRAYSON: It was a  I200 gm/h throughput  f o r  t h e  GC column we had. 
